Summary.-The effect of successive inocula of tumour cells given to rats at intervals of 1 to 10 days was examined. If W256 cells were injected on both occasions, the second inoculum failed to grow if given into the footpad as early as 1 day, or intravenously as soon as 4 days, after the first administration. However, although a second inoculum failed to grow, it produced significant augmentation of the growth of the primary implant if given during its latent or growth phases. If the second inoculum contained cells from a fibrosarcoma unrelated to W256, its growth was effectively curtailed if the initial inoculum had preceded it by 24 h or more. However, secondary inocula of fibrosarcoma cells did not augment the growth of the primary W256 tumour.
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ALTHOUGH tumour-bearing hosts mount immune responses to both autochthionous and transplanted tumours, these responses are inadequate to prevent progressive growth (Alexander and Hall, 1968; Brunner et al., 1968; Hellstrom, Hellstrom and Pierce, 1968; Klein et al., 1960; Mikulska, Smith and Alexander, 1966) . Whilst spontaneous regression of a well established primary tumour is infrequent, the host is often resistant both to secondary implants and to the establishment of metastases from the primary tumour, provided that growth of this is still in progress (Bashford et al., 1908; Deckers et al., 1973; Gershon and Kondo, 1971) . Whilst the influence of a primary tumour on the establishment and growth of spontaneous or artificially induced secondary tumours has been thoroughly documented, there have been few investigations of the influence of the second implant on the growth of the primary. Yet this effect may be particularly relevant to clinical observations in humans, where an apparent change in the growth pattern of the primary tumour could be due to the establishment of metastases. Indeed reports of animal studies suggest that secondary tumours may produce considerable effects on the growth of the primary (Cheshire, 1970; Dewys, 1972; Yuhas and Pazmifno, 1974) . This paper reports the influence of a second challenge with cells from the same or a different tumour on the growth of a non-lethal tumour which had been inoculated previously. The first tumour can be inferred to have induced an immunological response as, after its regression, hosts are resistant to a second implant. The influence of the second challenge on the growth of the first implant, and the extent of immunity of the host towards a second challenge, were examined following readministration of tumour cells at different sites during either the growth or regression phases of the first implant.
MATERIALS AND METHODS
Rats. Seven-to 9-week-old male and female (PVG/c x DA) F1 hybrid rats were used.
In any individual experiment, rats of the same sex and age were used.
Tumours. (1-3 ml).
Tumour growth measurement.-Footpad size was measured on alternate days after tumourcell inoculation. Anaesthetized rats were examined in random order using calipers (Dial Caliper, Mitutoyo, Japan) with an accuracy of 0 1 mm. On the first day after the injection of tumour cells in HBSS or HBSS alone, a small footpad swelling was observed. The swelling had, however, completely regressed by the 4th day in the saline-injected controls, the time at which the first experimental readings were taken. At the doses used here for i.v. injection, assessment of tumour growth was an all-or-none pnenomenon, based on the death of the host due to complete replacement of lung tissue by tumour, or his survival. period varying in length from 4 to 7 days followed by a growth phase of about 7-10 days, when tumour cells could be seen in the draining lymph node, and then by a regression phase with concurrent disappearance of tumour cells from the lymph node. Inoculation of 5 x 105 cells resulted in tumour growth in the footpads of 100% of normal F1 hybrid rats. As tumour growth rate varied with the batch of W256 cells, each experiment included a control group of rats which were inoculated in the footpad with W256 cells, but received no other treatment. Tumour growth in the footpads of the rats in the experimental groups was assessed in comparison with tumour growth in these control rats. For this reason no mean values could be calculated using data from experiments done on different days, and in the following paragraphs the results of one characteristic test are given for each experimental protocol. The preceding experiment did not indicate whether the antigenic stimulus provided by the second challenge was sufficient of itself to produce the observed effects, or whether activity was required on the part of the tumour cells in the second inoculum. To clarify this point, the experiments were repeated with the substitution of lethally irradiated (10,000 rad) W256 cells in the re-challenge inoculum. A dose of 5 x 105 W256 cells was used again, and the tumour-bearing hosts were challenged with irradiated cells either 1, 2, 5, 6, or 7 days after the first inoculation. In contrast to the experience with a second inoculum of viable cells, no change was observed in the growth of the first implant at any time.
It was inferred from the preceding 25 experiments that, whereas re-challenge with tumour antigen alone was insufficient 56 to modify the growth of the tumour imal planted first, the injection of a non-lethal marginal protective effect against i.v. injected tumour cells could be demonstrated. Tumour-bearing hosts which had been re-challenged i.v. on the 2nd and 3rd days after challenge in the footpad survived significantly longer than normal rats injected i.v. with tumour cells alone, although only one out of 10 rats survived indefinitely. Tumour growth in the footpads of rats which had been re-challenged i.v. during the 3 days after the initial footpad inoculation was significantly augmented and progressed until death. However, i.v. injections of 5 x 106 W256 cells given on the 4th or later days after injection of tumour cells into the footpad failed to influence the growth of the initial tumour, and did not kill the recipient. The effects of a second challenge with a different tumour To determine the specificity of the effects observed in the preceding experiments, the effect of substituting cells from an unrelated tumour in the second inoculum was examined. The additional tumour used was a fibrosarcoma which had arisen spontaneously in a (Lewis x DA) F1 hlybrid rat, but which also grew well after injection into the footpad of normal (PVG/c x DA) F1 hybrid rats. In the first experiments 5 x 105 viable fibrosarcoma cells were inoculated into the footpad of (PVG/c x DA) F1 hybrid rats 1, 2, 3, 5 or 7 days after 5 x 105 W256 cells had been injected into the contralateral footpad. Unless fibrosarcoma cells were administered within one day of the W256 cells challenge in the contralateral footpad, the second inoculum did not give rise to a visible tumour. There was no modification of the growth of the W256 tumour in these rats at any time, in comparison with tumour growth in the footpads of the control group.
In other experiments, in which a lethal dose of fibrosarcoma cells (106) was injected i.v. at various times after inoculation of W256 cells into the footpad, the growth of the latter tumour was unaffected. In these rats, injection of W256 cells into the 
DISCUSSION
The mutual influence exerted on the growth of each other by two inocula of tumour cells which had been administered to the same host has been examined. It was found that following the injection of W256 cells into one footpad, the growth of a second, similar inoculum in the contralateral footpad was prevented, even if this was administered within 24 h of the first. If the second challenge was administered by the i.v. route and contained sufficient W256 cells to be lethal if given to a normal animal, systemic tumours developed unless an interval of at least 4 days had elapsed since the initial footpad challenge. As regards the influence of the second inoculum on the progress of the first, significant augmentation of the growth of the initial tumour was observed to follow re-challenge with viable tumour cells provided that these were administered within 7 days, if in the footpad, or within 3 days if i.v. The injection of an unrelated tumour failed to influence growth of the initial inoculum of W256 cells in the footpad, although non-specific immunity induced by W256 inoculation prevented growth of the unrelated tumour if injection of this was deferred for more than one day.
The discrepancy between the fates of the secondary inocula of W256 cells administered via different routes may indicate that after i.v. injection tumour cells were established more rapidly in the lungs than in the footpad with cells injected s.c. In this way, they may have evaded the developing immune response. However, in the absence of information on the response to a range of i.v. doses of tumour cells, it is not feasible to clarify this point. Similarly, no significance can be attributed to the apparently earlier onset of concurrent immunity directed against the fibrosarcoma in comparison with the W256 cells administered i.v. without the results of injection of a range of doses of the two tumours.
That cross-reactivity should be demonstrable between two tumours of such different morphology and origin indicates that the concomitant immunity observed was very non-specifically based. In contrast, the augmentation of the growth of a pre-existing tumour as a result of a second exposure of the host to tumour cells was characterized by a greater degree of specificity. Apart from the requirement for identity with the cells of the first inoculum, it was necessary for the tumour cells in the second inoculation to be viable for them to modify the growth of the primary tumour. This requirement for viability may reflect a necessity for tumour cell proliferation in, or emigration from, the footpad if the host's immune response is to be influenced.
There are several possible ways whereby the secondary tumour inocula could have influenced the course of the initial tumour. Augmentation of the growth of a footpad tumour in a rat bearing pulmonary tumour as a result of i.v. injection of cells is most likely to have been consequent upon general debility of the host. The increased size attained by footpad tumours in rats which had received a further inoculum of tumour cells in the contralateral paw, may have resulted from enhancement, as has been well documented in experiments in which tumour cells were injected before tumour transplantation (Kaliss et al., 1953) . Alternatively, the selective recruitment of host lymphocytes with the appropriate reactivity away from the primary tumour may have interfered with the host's immune response to it (Ford and Atkins, 1971; Sprent, Miller and Mitchell, 1971) . The limitation of the augmentation to tumour re-challenge within a week of the primary inoculum would favour this interpretation.
